METHODS:
We conducted a retrospective cohort study of patients with PAD, as defined by an ankle-brachial index (ABI) <0.9. The index date was defined as the date, during 1995 to 1998, when the patient was seen in the Michael E. DeBakey VA Medical Center noninvasive vascular laboratory and found to have PAD. We conducted a chart review for process of care variables starting 3 years before the index date and ending at the time of the first event or the final visit (December 31, 2001 ), whichever occurred first. We examined the association between PAD process of care measures, including risk factor control, and prescribing of medication, with time of the patient's first major limb event or death.
RESULTS:
Of the 796 patients (mean age, 65 ± 9.9 years), 230 (28.9% experienced an adverse limb event (136 lower-extremity bypass, 94 lower-extremity amputation), and 354 (44.5%) died. Of the patients who died, 247 died without a preceding limb event. Glucose control was protective against death or a limb event with a hazard ratio (HR) of 0.74 (95% confidence limits [CL] 0.60, 0.91, P=0.004). African Americans were at 2.8 (95% CL 1.7, 4.5) times the risk of Whites or Hispanics for an adverse limb event. However, this risk was no longer significant if their glucose was controlled. For process measures, the dispensing of PAD specific medication (HR 1.4, 95% CL 1.1, 1.7) was associated an increased risk for an adverse outcome.
CONCLUSIONS:
Our data suggest that glucose control is key to reducing the risk for adverse outcomes, particularly limb events in African Americans. Certain process of care measures, as markers of disease severity and disease management, are associated with poor outcomes in patients with PAD. Further work is needed to determine the role of early disease intervention to reduce poor outcomes in patients with PAD.
care is an all-inclusive term for the services that are provided to or for patients or by patients themselves based on medical advice. 4 The primary goals in the management of individuals with PAD are to reduce systemic ischemic events and limb events (i.e., progressive ischemia that requires lower extremity surgical bypass or amputation). 5 Lower extremity bypass surgery, even when successful, is associated with a 30-day mortality of 2% to 8%, 5-year graft failure rates of 20% to 90%, and 5-year risk of amputation that remains as high as 20%. 6 Leg amputation is associated with an impairment of functional status, reduced quality of life, and high mortality. [7] [8] [9] [10] [11] Thus, although most prior PAD specific clinical trials have evaluated interventions to decrease systemic ischemic events, or to improve claudication, the role of process of care to reduce limb events has received much less attention. Therefore, we sought to determine the impact of process of care on ischemic limb outcomes and death in patients with PAD.
METHODS

Study Population
Sequential patients evaluated at the Michael E. DeBakey Veterans Affairs Medical Center (MEDVAMC) noninvasive vascular laboratory from 1995 to 1998 with a diagnosis of PAD based on an ankle-brachial index (ABI) of <0.90 were included in this study. Individuals were stratified into tertiles of PAD severity based on ABI values: mild (0.7-0.89), moderate (0.41-0.69), or severe (≤0.40). Patients who had undergone a prior lower extremity vascular surgical revascularization procedure or transmetatarsal, (below-the-knee, or above-the-knee) amputation were excluded. The Baylor College of Medicine Institutional Review Board approved this study. Based on prior information highlighting meaningful intervals for atherosclerotic risk factor control (12), we chose 3 years 
Data Source
We used medical records from Veterans Integrated Systems Technology Architecture (VISTA) to identify our cohort and its outcomes. Medical charts were reviewed from time 0 to the end of follow-up. Data on a veteran's death were abstracted from the medical record when available and from the VA administrative files, the Beneficiary Identification and Records Locator Subsystem (BIRLS) Death File and the patient treatment file (PTF).
Primary Outcome
The primary outcome was time to lower extremity bypass surgery, major amputation, or death. Lower extremity bypass surgeries included aortoiliac or aortobifemoral, femoropopliteal above or below the knee, and femorotibial vascular bypass. Lower extremity amputations included below-the-knee and above-the-knee major procedures (transmetatarsal or toe amputations were not included). This study did not evaluate lower extremity endovascular procedures as a component of the primary outcome, as these procedures were not available during our study period. Secondary outcomes comprised time to death and time to bypass or amputation.
Independent Variables
In addition to basic patient demographic and health measures comprising age, race, prior history of CAD, and ABI-based PAD severity, our independent variables comprised actual risk factor control (smoking cessation, glycemic control in diabetes, hypertension control, lipid control in dyslipidemia). We also tracked cohort members' serum creatinine, exposure to antiplatelet therapy, and exposure to pharmacological therapy for The outcome of limb event or death includes any of the 3 outcomes of lower extremity bypass surgery, lower extremity amputation, or death. The reference group for the serum creatinine comparisons is a value of <1.5.
*
The reference group is mild ABI (0.7-0.89).
each of the 4 risk factors. This latter set of medications included use of ace inhibitors, beta blockers, calcium channel blockers, diuretics, diabetes medications, lipid controlling medications, other antihypertensive medications, and smoking cessation medications. We identified the dates on which a patient was on a given class of medications using the prescription fill date and the days supply of medication from the pharmacy record.
Data Collection
Trained nurse chart abstractors who were blinded to the study hypotheses completed the chart reviews, using standardized data extraction forms developed by study investigators. For each chart review, nurses captured information on the patient's age, dates of clinic visits, reasons for clinic visits, symptoms, physical examination findings (e.g., vital signs), diagnoses, and risk factor modification. VISTA data served as the source of information on race/ ethnicity and laboratory results relevant to atherosclerotic risk factors (e.g., glucose, total cholesterol, creatinine), vascular laboratory reports, radiology reports (i.e., imaging of lower limb blood flow), and pharmacy data.
Risk Factor Control
We determined effective control of a risk factor based on documentation from charted vital signs or laboratory data. We defined control of each risk factor according to national guidelines, including those of the National Cholesterol Education Panel; Joint National Committee on Detection, Evaluation, and Management of Hypertension; American Diabetes Association; and American Cancer Society. [12] [13] [14] [15] [16] Low-density lipoprotein (LDL) cholesterol was considered under control if the value was 100 mg/dL or less. Smoking was considered to be out of control if the patient was referred to a smoking cessation clinic, recommended to be on a nicotine gum or nicotine patch, was prescribed other smoking medications, or advised not to smoke in addition to whether it was indicated that the patient was currently smoking or refused to quit smoking. A glycosylated hemoglobin value (Hgb A1c) above 7 or, in the absence of a Hgb A1c measure, a fasting glucose greater than 140 indicated that glucose was not under control. A systolic blood pressure greater than 140 or a diastolic blood pressure greater than 90 indicated that blood pressure was not under control.
Statistical Analysis
We assessed potential associations between control of these risk factors with the time to critical ischemic limb outcome (vascular surgery or amputation) or death. We also examined potential associations between control of these risk factors and time to death and time to bypass or major amputation. We used multivariate Cox survival models to identify risk factors for the primary outcome (lower extremity bypass surgery, amputation, or death). The dependent variable was the length of time from vascular laboratory visit to event, measured in days. Potential explanatory variables in the Cox model comprised age, race, prior history of CAD, ABI-based PAD severity, the time-varying measures of risk factor control (smoking cessation, glycemic control, hypertension control, and lipid control), serum creatinine, pharmacological therapy for each of the 4 risk factors, and antiplatelet therapy. We also considered potential interactions between race and the risk factor control measures. We used stepwise selection to identify significant variables, allowing variables with p<0.25 to enter the models and variables with p<0.15 to stay. Similar approaches were used to assess risk factors for the secondary outcomes.
The initial value for the time-dependent covariate was based on the information available in the patient chart on the index date. If a patient did not have the value of a variable recorded on the index date, we used the most recent value before the index. The value of a variable could change at every time within the patient's record that new information about that variable was available.
For illustrative purposes we present Kaplan-Meier survival analysis curves for time to the first event stratified by disease severity (i.e., level of the ABI; Fig. 1 ) and separate curves The outcome of limb events is limited to the 2 limb outcomes censoring at death. ABI refers to ankle-brachial index.
*
The reference group is mild ABI (0.7-0.89); reference group for AfricanAmerican race, white/other/unknown. The outcome of death includes death with or without a preceding limb event. ABI refers to ankle-brachial index. * The reference group is mild ABI (0.7-0.89). ** The reference group for the serum creatinine comparisons is a value of <1.5.
stratified by race (Fig. 2) , as race and severity were identified as relevant predictors for each of the outcomes.
RESULTS
A total of 816 patients met the criteria for inclusion in this study; 796 (97.5%) had notes or laboratory data that could be used to assess their process of care. Mean age was 64.7± 9.9 years; 99% were men; 30.4% were African American; 5.9% were Latino; and 507 (63.7%) were White or of unknown race (see Table 1 
Time to Limb Event or Death
Within our multivariate modeling to assess risk factors for time to limb event or death ( Table 2 ), variables that were significantly associated with an increased risk for any event included moderately severe disease (HR 1.9, 95% CL 1.5, 2.5), critically severe disease (HR 3.1, 95% CL 2.3, 4.2). In addition, serum creatinine 1.5 to 2.0 mg/dL (HR 1.3, 95% CL 1.0, 1.8, p=.064) and serum creatinine greater than 2.0 mg/dL (HR 3.1, 95% CL 2.4, 4.1) were both found to be associated with time to event. Blood pressure control was associated with an increased risk of an event (HR 1.4, 95% CL 1.2, 1.7). Additional risk factors associated with an increased risk for a limb event or death were the use of PAD specific medication, ace inhibitors, and diuretics. In contrast, a history of coronary artery disease (HR 0.64, 95% CL 0.53, 0.78) and glucose control (HR 0.74, 95% CL 0.63, 0.91) were associated with a lower risk for a limb event or death.
Limb Events Combined
Within the multivariate modeling of time to a limb event ( 
DISCUSSION
These data demonstrate that sociodemographics, disease severity, and renal dysfunction are associated with an increased risk for critical limb and systemic events. Our survival analyses indicate that critical outcomes are more likely to occur with lack of glucose control. Additional process measures that were associated with adverse outcomes included the use of diuretics, ace inhibitors, glucose controlling agents, and PAD-specific medications. To our knowledge, this is the first study to find associations between process of care factors and adverse outcomes in patients with PAD. African-American race, older age, disease severity (per the ankle-brachial index), and renal insufficiency are known risk factors for poor outcomes in patients with PAD. We know from prior work that, in comparison to Whites, African-American persons with a diagnosis of PAD are more likely to undergo a lower limb amputation versus a lower limb bypass operation. 17 Our current findings further support the association of race with poor outcomes in PAD. Interestingly, our findings suggest that for African Americans whose glucose levels are controlled, their risk for an adverse limb event is not significantly different than the risk for a White or Hispanic.
The ankle-brachial index (ABI) is a marker for PAD severity and a well-known predictor of both limb and systemic outcomes. Lower levels of the ABI have been linked to increased mortality, 18 nonfatal cardiovascular events, 19 and reduced walking ability. 20, 21 Among illnesses that may coexist with PAD, end-stage renal disease is common. The presence of both PAD and end-stage renal disease is associated with an increased risk for cardiovascular-related mortality, morbidity, hospitalization, and poor quality of life. 22 Renal insufficiency, as measured using serum creatinine, was a risk factor for both mortality and adverse surgical limb outcomes within our study. The role of early intervention for PAD specific to persons with renal insufficiency warrants further study. Process measures that were associated with adverse events in PAD included glucose control and the use of glucoselowering agents. We found an association between glucose control and the risk for an adverse surgical limb event in patients with PAD. We observed that patients with glucose control were less likely to undergo lower extremity bypass surgery or a lower extremity amputation. Patients with diabetes mellitus are known to be at increased risk for PAD progression, particularly development of critical limb ischemia and subsequent limb loss. 23 Also, prior investigations have demonstrated that veterans with diabetes are more likely to undergo lower limb amputation. 17 Our cohort study offers an association of the role of glycemic control to reduce the need for lower extremity surgery. Further prospective investigation will be required to verify that glycemic interventions offer risk reduction in patients with PAD. Diabetes mellitus is managed with diet, oral agents, and/or insulin. In persons with type 2 diabetes mellitus, who comprise the majority of veterans with PAD, 17 the need for either insulin or oral agents instead of diet control is a marker for more advanced disease. Not surprisingly within our study, persons with diabetes who required oral agents or insulin were more likely to have an adverse outcome. As a process measure, the use of medications to control glucose likely reflects a sicker patient who is more likely to experience an adverse event.
Additional process measures that were associated with adverse events in PAD included the use of PAD specific medication and diuretics. Within our study, PAD-specific medications were limited to cilostazol and pentoxyphyllinethese agents are specific for the treatment of leg pain in PAD. With antiplatelet and vasodilator properties, cilostazol is indicated for the treatment of intermittent claudication. 24, 25 Cilostazol inhibits vascular smooth muscle proliferation and causes vasodilatation. Cilostazol improves both pain-free and maximal treadmill walking distance. A drug that was available before cilostazol and which is now used much less often is pentoxyifylline. This lower use of pentoxyphylline is a result of several reports, indicating that it was not substantially better than placebo in improving pain-free or absolute walking distances in patients with PAD. [26] [27] [28] [29] [30] [31] The association of the use of these medications with an increased likelihood of adverse events likely reflects an association between disease severity and outcomes beyond that captured by the ABI. Persons with PAD and leg symptoms have advanced atherosclerosis with reduced flow to the lower limbs. 32 Efforts are needed to determine the role of aggressive management of persons with PAD and leg symptoms to reduce mortality and the need for limb surgery. Similarly, persons with PAD who received diuretics were more likely to die or have an adverse limb event. As diuretics are used in persons with hypertension, chronic heart failure, and/or lower limb edema, this process measure is also likely a marker for a sicker patient. In contrast to the above findings, a history of coronary artery disease (CAD) was associated with a lower risk for death or an adverse limb event. Although this finding may seem counterintuitive, the apparent protective nature of this variable has been addressed in prior work. In a national physician survey to ascertain reported practice behavior based on case scenarios, physicians believed that risk factor treatment was more important for CAD than for PAD. 33 This study found strong correlations between physicians' report of the importance of risk factor interventions and their current practice behavior. Similarly, Banta et al 34 reported that persons with PAD were more likely to receive lipid lowering medication and achieve goal LDL if they had a history of CAD. Within our study of veterans with PAD, a history of CAD may have led to a more aggressive treatment of atherosclerotic risk factors, which would have reduced the risk for adverse events. An additional finding within our study was the increased risk for adverse outcomes in persons whose blood pressure was controlled. Our blood pressure variable presents unexpected results. We know that blood pressure control is important to reduce cardiovascular events. 12 We believe that our findings reflect some important unmeasured confounders or a potential bias in the approach taken as discussed in the limitations section. Similarly, LDL control was associated with an increased risk for death. Patients with PAD warrant aggressive lipid control. 13 For a patient with PAD, as the disease progresses, their lipids may be well controlled with the use of medication, but their underlying medical status continues to place them at an increased risk for mortality.
Limitations
First, we note that we present findings from a retrospective cohort. Our results reflect the care received, which is influenced by the complexities of patient comorbidities. Whereas the presence of a risk factor may reflect the burden of disease, the same risk factor may also be a marker of how care is delivered. For example, patients with coronary artery disease are not lowrisk patients, but when a physician knows that a patient has coronary artery disease, he/she may provide more aggressive care. 33 Although we do not have causal association within our findings, our findings are hypotheses generating. Second, our process measure for the use of a given medication was based on dispensing and refill patterns. We do not have data on patient adherence. Third, we note that we could not evaluate other potentially important covariables in this retrospective study design, such as access to other non-VA medical care and family or social support, which could have contributed to our observed outcomes. Finally, as discussed by Hernan, Brumback, and Robins, 35 as the risk factor control and pharmaceutical measures may affect one another over time, the hazard ratios presented above may be biased estimates of any causal associations between risk factor control and the outcomes examined. Methods exist to examine causal effects in such situations, but these methods can be difficult to apply. In applying the marginal structural model methods outlined by Hernan et al, the estimated weights central to the method were so variable and skewed that 70% to 90% of the observed follow up was essentially dropped from the analysis, leading us to view the application of this method to these data with skepticism.
CONCLUSION
Our data highlight those process measures that are markers for poor outcomes in persons with PAD. PAD interventions early in the disease process and before the need for aggressive process of care may positively impact the risk for death, bypass surgery, or amputation in patients with PAD. This hypothesis could best be evaluated in a prospective clinical trial comparing standard versus aggressive care in patients with PAD.
